I. INTRODUCTION
Utilities are presently facing a major challenge of grid integrating an increasing number of renewableenergy-based distributed generators (DGs) while ensuring stability, voltage regulation, and power quality. During the night time, feeder loads are usually much lower compared to daytime, while the wind farms (WFs) produce more power due to increased wind speeds. This potentially causes reverse power to flow from the point of common coupling (PCC) toward the main grid resulting in feeder voltages to rise above allowable limits. To allow further DG connections, utilities need to install expensive voltage regulating devices. Voltagesource inverters are essential components of PV solar farms (SFs), which provide solar power conversion during daytime (normal operation). However, PV SFs are practically inactive during night time and do not produce any real power output. The proposed concept is to use the existing SF inverter as a STATCOM during night time to regulate voltage variations at the PCC due to increased and intermittent WF power and/or by load variations.
With the development of distributed generation systems, the renewable electricity from PV sources became a resource of energy in great demand. The current control scheme is mainly used in PV inverter applications for real power and reactive power control schemes. The emergence of wind generation is the leading source of renewable energy in the power industry, Wind farms totalling hundreds, even thousands, of MW are now being considered. DFIG is the main type of wind generation currently in use (the other is conventional induction generators) due to their variable speed operation, four-quadrant active and reactive power capability, lowconverter cost, and reduced power losses. III. PV SOLAR ARRAYS Solar power is the conversion of sunlight to electricity. Sunlight can be converted directly into electricity using photovoltaic (PV), or indirectly with concentrating solar power (CSP), which normally focuses the sun's energy to boil water which is then used to provide power, and technologies such as the Stirling engine dishes which use a Stirling cycle engine to power a generator. Photovoltaic were initially used to power small and medium-sized applications, from the calculator powered by a single solar cell to off-grid homes powered by a photovoltaic array.
A solar cell, or photovoltaic cell (PV), is a device that converts light into electric current using the photoelectric effect. The earliest significant application of solar cells was as a back-up power source.
IV. PV SOLAR FARM AS BATTERY CHARGER
A typical PV solar farm is basically inactive during night time and the bidirectional inverter used to deliver the PV DC power as three-phase AC power to the grid, remains unutilized as well. Fig. 2 shows the possible operational modes of the solar farm. The point at which the solar farm is connected to the grid is called the point of common coupling (PCC). In Fig.2 , vS and iS represents the voltage and current at the secondary of the distribution transformer; vPCC and vL denote voltages at PCC and load terminal respectively; and iPV is the current delivered by the PV solar panels ac current drawn/delivered by the solar farm inverter and the DC current flowing through the storage battery are represented by iSF and iBatt, respectively. Here a storage battery is connected on DC side of the solar farm inverter. Switch "S1" in Fig.2is utilized to disconnect the PV solar panels especially during night-time and to charge the storage batteries from the main grid [2] .
IV.DOUBLY -FED INDUCTION GENERATOR
DFIG is an abbreviation for Double Fed Induction Generator, a generating principle widely used in wind turbines. It is based on an induction generator with a multiphase wound rotor and a multiphase slip ring assembly with brushes for access to the rotor windings. It is possible to avoid the multiphase slip ring assembly but there are problems with efficiency, cost and size. A better alternative is a brushless wound-rotor doubly-fed electric machine.
The principle of the DFIG is that rotor windings are connected to the grid via slip rings and back-to-back voltage source converter that controls both the rotor and the grid currents. Thus rotor frequency can freely differ from the grid frequency (50 or 60 Hz). By using the converter to control the rotor currents, it is possible to adjust the active and reactive power fed to the grid from the stator independently of the generator's turning speed. The control principle used is either the two-axis current vector control or direct torque control (DTC). DTC has turned out to have better stability than current vector control especially when high reactive currents are required from the generator The doubly-fed generator rotors are typically wound with 2 to 3 times the number of turns of the stator. This means that the rotor voltages will be higher and currents respectively lower. Thus in the typical ± 30 % operational speed range around the synchronous speed, the rated current of the converter is accordingly lower which leads to a lower cost of the converter. The drawback is that controlled operation outside the operational speed range is impossible because of the higher than rated rotor voltage. Further, the voltage transients due to the grid disturbances (three-and two-phase voltage dips, especially) will also be magnified. In order to prevent high rotor voltages -and high currents resulting from these voltages -from destroying the IGBTs and diodes of the converter, a protection circuit (called crowbar) is used.
In Fig.3 The crowbar will short-circuit the rotor windings through a small resistance when excessive currents or voltages are detected. In order to be able to continue the operation as quickly as possible an active crowbar has to be used. The active crowbar can remove the rotor short in a controlled way and thus the rotor side converter can be started only after 20-60 ms from the start of the grid disturbance. Thus it is possible to generate reactive current to the grid during the rest of the voltage dip and in this way help the grid to recover from the fault. The AC/DC/AC converter is divided into two components: the rotor-side converter and the grid-side converter. The Voltage-Sourced Converters that use forced-commutated power electronic devices (IGBTs) to synthesize an AC voltage from a DC voltage source. A capacitor connected on the DC side acts as the DC voltage source. A coupling inductor L f is used to connect grid side converter to the grid. The threephase rotor winding is connected to rotor side converter by slip rings and brushes and the three-phase stator winding is directly connected to the grid. The power captured by the wind turbine is converted into electrical power by the induction generator and it is transmitted to the grid by the stator and the rotor windings.
V. MODELLING OF DFIG BASE WECS
A commonly used model for induction generator converting power from the wind to serve the electric grid is shown Fig.4 The stator of the wound rotor induction machine is connected to the low voltage balanced three-phase grid and the rotor side is fed via the back-to-back PWM voltage-source inverters with a common DC link. Grid side converter controls the power flow between the DC bus and the AC side and allows the system to be operated in sub-synchronous and super synchronous speed. The proper rotor excitation is provided by the machine side power converter and also it provides active and reactive power control on stator and rotor sides respectively by employing vector control. DFIG can be operated as a generator as well as a motor in both subSynchronous and super synchronous speeds, thus giving four possible operating modes. Only the two generating modes at sub-synchronous and super synchronous speeds are of interest for wind power generation. To exploit the advantages of variable speed operation, the tracking of optimum torquespeed curve is essential. Speed can be adjusted to the desired value by controlling torque. So, an approach of using active power set point from the instantaneous value of rotor speed and controlling the rotor current i ry in stator flux-oriented reference frame to get the desired active power will result in obtaining the desired values of speed and torque according to the optimum torque speed curve. The reactive power set point can also be calculated from active power set point using a desired power factor.
In the stator flux-oriented reference frame, reactive power can be controlled by controlling the d-axis rotor current. In stator flux-oriented control, both stator and rotor quantities are transformed to a special reference frame that rotates at an angular frequency identical to the stator flux linkage space phasor with the real axis (x-axis) of the reference frame aligned to the stator flux vector. At steady state, the reference frame speed equals the synchronous speed. This model is called dynamic vectorized model [3] . 
For maintaining proper flow of variables and for convenience of simulating, the above equations are separated into the q-axis, the d-axis and the rotor circuits. In the q-axis circuit, the Equations (2), (4), (6), (8) and (10) are used to calculate, ĳqs , ĳʾqr,iqs and i ʾqr respectively and ĳqs, iqs arc used in the calculation of electromagnetic torque. In the q-axis circuit, the Equations (3), (5), (7), (9) 
The equation that governs the motion of rotor is obtained by equating the inertia torque to the accelerating torque
J( dȦ m / dt) = T em + T mech -T damp (12)
Expressed in per unit values, equation (9) becomes: Fig .6 shows the block diagram of the control scheme used to achieve the proposed concept. The controller is composed of two proportional---integral (PI) based voltage-regulation loops. One loop regulates the PCC voltage, while the other maintains the dc-bus voltage across SF inverter capacitor at a constant level. The PCC voltage is regulated by providing leading or lagging reactive power during bus voltage drop and rise, respectively. A phase-locked loop (PLL) based control approach is used to maintain synchronization [5] with PCC voltage. A hysteresis current controller is utilized to perform switching of inverter switches. To facilitate the reactive power exchange, the dc-side capacitor of SF is controlled in selfsupporting mode, and thus, eliminates the need of an external dc source (such as battery) [1] .
VII. SIMULATION STUDY AND RESULTS
To validate the concept presented in the paper, MATLAB/ SIMULINK based simulation study is carried out. A SIMULINK model is developed for the system in In this case the generation from the wind farm is reduced to 10 kW while keeping the identical load of 20 kW. Before time t=1.25, the batteries are not connected to the system. Under such a condition, as viewed from Fig.7(b) , the load and PCC voltages are noticed as 0.944 pu and 0.95 pu, respectively. Due to reduced voltage at load terminal the load draws 17.7 kW power [ Fig. 8(a) ].The wind farm supports 10.6 kW power to the load while remaining power is supplied by the main grid [2] . At time t=1.25 sec, first battery (2.5 kW) is connected to the system. At this point it is assumed that the PV solar farm does not produce any real power. As noticed from Fig.7(a) , after time 1.25 sec, the solar farm inverter delivers 2.5 kW power to PCC and this power is provided from the stored battery energy. This reduces the amount of power delivered from the main grid to 5.35 kW. Due to this operation, the voltages at PCC and load terminals improve to 0.965 pu and 0.958 pu, respectively. At time t=1.5 sec, the second battery is also connected to the system such that total 5 kW of active power is supplied from the storage battery and solar farm inverter combination. This further improves the PCC and load voltages to 0.979 pu and 0.972 pu, respectively. The PV solar farm with battery system supports the 5 kW power to the load while remaining power is drawn from the main grid. The profile of currents delivered by the solar farm inverter (iSF) during battery discharge process is shown in Fig. 9 . As noticed, the solar farm inverter delivers the stored battery power to the main grid at unity power factor. This is indicated by the solar farm inverter current being out of phase with the PCC voltage, The SF inverter is now operated as STATCOM. The regulated PCC voltage VP_CC is shown in Fig. 10(a) . The voltage variation is only ±3% (between t1 and t3 ), and is within utility norm. Even during significant amount of reverse power flow (after t3 ), SF maintains the PCC voltage at 1.0412 pu. The distribution transformer secondary side voltage V sec also does not vary more than ±1% The performance of system under a three-line to ground (3LG) fault condition (for six cycles) is shown in Fig. 11(a) and (b). It is evident that the SF as STATCOM helps achieve better fault recovery.
VIII.CONCLUSION
A novel concept of optimal utilization of a PV SF (virtually inactive during night time in terms of active power generation) as a STATCOM has been proposed and validated through MATLAB/SIMULINK simulations. The SF inverter is used to regulate the distribution voltage at PCC within utility specified limits even during wide variations in WF output and loads. The proposed strategy of PV SF control will facilitate integration of more wind plants in the system without needing additional voltage-regulating devices. This novel strategy implies operating PV solar plant as a generator during the day [providing megawatts (MW)] and ancillary services provider at night [providing mega volt amperes (Mvars)]. It is worth noting that grid codes typically do not allow DGs to manage the PCC voltages, this is considered to be the task of utilities. Therefore, in effect, the PV solar plant may become a utility tool at night (control is passed on to the utility supervisory control and data acquisition (SCADA) operator). This may pose interesting questions on ownership/partnership/lease options, license to operate, etc.,and possible code changes by the regulator. These aspects are outside the scope of the letter. The technical aspects, however, warrant a look at such mixed usages.
